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Comparison of two resorbable membrane systems in bone
regeneration after removal of wisdom teeth: a
randomized-controlled clinical pilot study
Abstract
OBJECTIVES: To compare the performance and safety of Inion GTR(TM) Biodegradable Membrane
System and Geistlich resorbable bilayer Bio-Gide((R)) membrane in human bone regeneration.
MATERIAL AND METHODS: In a multicenter, split blind, comparative, randomized, prospective,
pilot study 15 patients have been randomized at surgery whether to be treated either with Inion
GTR(TM) Biodegradable Membrane System on one and Geistlich resorbable bilayer Bio-Gide((R))
membrane on the other side or vice versa after surgical removal of both fully impacted wisdom teeth.
During the follow-up visits at week 1, 2 and 6 and at months 3 and 6 the general state, the wound,
eventual adverse events and the medication of the patients were assessed. Computed Tomography (CT)
scans were performed immediately and 3 months after the surgery, before biopsy collection.
Semi-quantitative histological evaluation and histomorphometric analyses were performed according to
the ISO 10993-6 standard. New bone formation and membrane integration were evaluated by CT scan
measurements. Tissue healing was evaluated clinically and by photographs between the time on teeth
extraction and during follow ups. RESULTS: Five patients were smokers, none drank alcohol. Mild
adverse events like wound infection, haematoma or late swelling of the gums occurred in three patients.
The trephine bur harvest of bone biopsies under local anaesthesia was uneventful. Whereas specimens
from the sites treated with the Inion membrane yielded 17.0% (SD 24%), the Bio-Gide membrane sites
yielded 13.5% (SD 15%) of bone tissue density. In sites treated with the Inion membrane, 9.5% of old
bone density and 7.5% of newly formed bone could be found, whereas the Bio-Gide((R)) membrane
sites showed 3.8% of old bone density and 9.8% of newly formed bone. There were no statistically
significant differences between the two groups with respect to the two variables. The osteoid rim was
more extended with the Bio-Gide((R)) (6.6 mm) than with the Inion membrane (5.1 mm) but the
difference between the two treatments did not reach statistical significance. Highly significant
reductions in the area of the defect with both membranes were detected with significant increases in CT
density at the immediate inferio-buccal adjacent bone and in the surgical defect area with both
membranes. However, there was neither significant change in CT density in the immediate
inferior-lingual adjacent bone of the two membranes, nor significant difference between the membranes
on any of the four measurements (area of defect: P=0.1354; CT density immediate inferio-buccal
adjacent bone: P=0.7615; CT density surgical defect area: P=0.1876; CT density immediate
inferio-lingual adjacent bone: P=0.4212). CONCLUSION: The overall clinical outcome was satisfying
and the majority of the patients showed an uneventful healing phase. Both membranes presented similar
capacities regarding their barrier function and were associated with analogous bone regeneration. No
statistically valid evidence about the superiority of one particular membrane was obtained. For the
patient the only difference is that one product is animal derived and the other synthetic.
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Introduction 
Bone loss of the alveolar ridge may be attributed to different factors, such as endodontic pathology, 
periodontitis, dental or facial trauma and tooth extractions (Mecall and Rosenfeld, 1991, Irinakis, 
2006). The latter among these factors contributes in the first six months to a significant bone 
resorption (an average of 4.4 mm horizontal and 1.2 mm vertical) in the socket and ridge (Werbitt and 
Goldberg, 1992, Thompson et al., 2006). Such atrophic changes of the alveolus bone decrease the 
availability of bone volume for oral rehabilitation in respect of both dental implants and conventional 
dentures (Werbitt and Goldberg, 1992, Mecall and Rosenfeld, 1991).  
Much research related to socket healing and bone regeneration has been performed on animals (Araújo 
and Lindhe, 2005, Bornstein et al., 2007, Calixto et al., 2007, Cardaropoli et al., 2003), even though it 
is well documented, that animal oral tissue regeneration occurs faster and more complete (Steiner et 
al., 2008, John et al., 2007). Amler in 1960 (Amler et al., 1960) and 1969 (Amler, 1969) together with 
colleagues detected in human sockets the formation of blood clots after extraction which finally lead to 
new bone formation. However, physiological resorption causes decrease in height and width of the 
alveolar ridge, preventing thereby a “restitutio ad integrum” of the initial bone volume (Jahangiri et 
al., 1998). Therefore several different procedures have been suggested to maintain adequate bone 
volume after extractions. Such procedures include principles of guided tissue regeneration (Thompson 
et al., 2006, Neiva et al., 2008, Al Ruhaimi, 2001, Artzi et al., 2001, Calixto et al., 2007, Carmagnola 
et al., 2003, Cranin et al., 2001, LeGeros et al., 1988, Proff et al., 2006, Serino et al., 2003, Serino et 
al., 2008, Stanley et al., 1997, Zitzmann et al., 2001), atraumatic tooth extraction techniques (Seibert, 
1993), application of immediate dentures after the extraction (Weintraub, 1989), immediate dental 
implantation (Cooper et al., 2002, Douglass and Merin, 2002) and protection of the blood clot by 
different kind of membranes (Schlegel et al., 1997 , Pirhonen et al., 2006, Nieminen et al., 2006, 
Camelo et al., 1998, Bornstein et al., 2007, Barboza, 1999).  
The Bio-Gide®-membrane served as a barrier for connective tissue ingrowth therefore maintaining the 
space below open. By filling the alveolar socket with porous material by an artificial sterile sponge of 
gelatine (Spongostan® dental 1x1x1 cm; Johnson&Johnson, Spreitenbach, Switzerland), the process 
of bone regeneration was accelerated according to the principle of osteoconduction (Camelo et al., 
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1998). The Inion GTR™ Biodegradable Membrane System, however, furthermore functions according 
to the osteoinduction principle. Bone regeneration in-vivo is further enhanced due to N-Methyl-2-
pyrrolidone (NMP), which is used as plasticiser for polylactides/polyglycolides (PLGA) membranes, 
by increasing the bioactivity / bioavailability of autologous bone morphogenetic proteins (BMPs) 
(Weber et al., 2006, San Miguel et al., 2009 [Epub ahead of print]). The purpose was to compare the 
performance and safety of Inion GTR™ Biodegradable Membrane System and Geistlich resorbable 
bilayer Bio-Gide®-membrane in human bone regeneration using a split-mouth prospective multicenter 
study design.  
 
Materials and Methods 
A multicenter, split blind, comparative, randomized, prospective, pilot study has been performed to 
compare the performance and safety of Inion GTRTM Biodegradable Membrane System to resorbable 
bilayer Bio-Gide®-membrane of Geistlich biomaterials in enhancing bone regeneration after wisdom 
tooth removal. The study was performed following the principles outlined in the Declaration of 
Helsinki and was approved by the Institutional Review Boards and the Ethic Committees of the 
Canton of Zurich in Switzerland and Hong Kong (SAR). All subjects were informed about the 
purposes of the study and signed a consent form before participating. 
 STUDY SAMPLE 
Between July 2006 and January 2007 a total of 15 patients (10 females, 5 males; mean age 21.6 years; 
range 18 – 29; two thirds Caucasians and one third Asians) were included at both centres. Eligibility 
criteria were: (1) age-range 18 to 30 (2) candidates for extraction of both lower totally impacted 
wisdom teeth (3) negative pregnancy test and agreement of adequate contraception for at least 6 
months after surgery (4) being willing to comply all study related procedures. Exclusion criteria were: 
(1) heavy smokers (> 20 cigarettes per day) (2) insulin dependent diabetes (3) history of malignancy, 
radiotherapy or chemotherapy for malignancy within the past 5 ys (4) pregnancy or nursing patient (5) 
actual medical treatment with drugs effecting bone turnover or mucosal healing (6) metabolic diseases 
of connective tissue (7) active/potential infection at the implant site or elsewhere in the mouth (8) 
substance abuse (9) involvement in other clinical investigations.  
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The patients were randomized at surgery whether to insert the Inion GTR™ Biodegradable Membrane 
System (Inion Oy, Tampere, Finland) on the right and the Geistlich resorbable bilayer Bio-Gide®-
membrane (Karr Dental AG, Horgen, Switzerland) on the left side or vice versa. The randomisation 
process, the blinding of the investigators other than the surgeon as well as the entire supervision of the 
clinical trial was performed and audited by D-TARGET SA (Montagny-prs-Yverdon, Switzerland). 
 ASSESSMENT AND PROCEDURES 
During the screening assessment, the record of the patients’ medical history, a pregnancy test and the 
impression of the lower jaw for a custom-made occlusal wafer for bone biopsies three months 
postoperatively were performed and the informed consent obtained. Photos of the future operation 
sites were taken and the date of surgery was defined within the baseline assessment. At surgery the 
patients were randomized to be treated either with Inion GTR™ Biodegradable Membrane System on 
the right side and Geistlich resorbable bilayer Bio-Gide®-membrane on the left side or vice versus 
after the surgical removal of both fully impacted wisdom teeth.  
The follow-up visits were performed at 6 – 8 days, 2 weeks (± 2 days), 6 weeks (± 4 days), 3 months 
(± 1 week) and 6 months (± 1 week) after the surgery. During all these visits the general state, the 
wound, eventual adverse events and the medication of the patients were assessed. Photos were taken 
after suture removal during the two weeks control. CT scans were performed immediately and three 
months after the surgery, before biopsy collection.  
 SURGICAL REMOVAL OF THE WISDOM TEETH  
The third molar surgery was performed under local anaesthesia with articaine in 4% solution with 
100’000 epinephrine (Ultracaine DF, Sanofi-Aventis, Meyrin, Switzerland and Ubestesin, 3M HK 
Limited, Hong Kong). A sulcular incision was performed starting mesially to the distobuccal cusp of 
the second molar to its distal surface; relieving incisions were done distally at the ascending ramus and 
mesially vestibular. Minimum ostectomy and tooth sectioning with the round and fissure burs was 
performed with the handpiece under continuous sterile saline irrigation. The bone of the external 
oblique line was preserved distally adjacent to the 2nd molar to be used as anchorage for the tack. The 
extraction cavity was augmented with Spongostan® dental 1x1x1 cm (Johnson&Johnson, 
Spreitenbach, Switzerland) and covered by an Inion GTR™ Biodegradable Membrane System (Inion 
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Oy, Tampere, Finland) on one side, with a Geistlich resorbable bilayer Bio-Gide®-membrane (Karr 
Dental AG, Horgen, Switzerland) on the other. Both membranes once in place were tacked with the 
respective resorbable tack system mesially and distally of the extraction cavity to the external oblique 
line. After reposition of the mucoperiosteal flap, wound closure was performed with non resorbable 
Supramid® 4/0 and Ethilon® 4/0 (B Braun Medical AG, Sempach, Switzerland and 
Johnson&Johnson Co., Hong Kong (SAR)) in single stitches.  
Postoperatively all patients were treated with Augmentin®, Amoxicillin®  respectively (1000mg, 
2times a day; Novartis, Basel, Switzerland; Universal Pharmaceutical Lab. Ltd., Hong Kong), for 5, 
with Ponstan® (500mg, 3times a day; Pfizer, Zurich, Switzerland; Primal Chemical Co. Ltd., Hong 
Kong) for 7 and with topical chlorhexidine digluconate (1 spoon non diluted, 3times a day; Mephem, 
Baar; Switzerland; GlaxoSmithKline Hong Kong, Hong Kong) for 7 days. 
 COLLECTION OF BIOPSY  
To facilitate reproducible collection, a wafer of the lower occlusion was made, extending distally of 
the 2nd molar. It was defined that the biopsies had to be taken 5mm distal to the 2nd molar. Therefore 
on each side a 4mm wide notch was carved buccally into the wafer, 45° bevelled to define the 
angulation of the trephine bur (Fig 1). 
At three month’s visit, following the 2nd CT-scan, biopsies were collected under local anaesthesia 
(Ultracaine DF, Sanofi-Aventis, Meyrin, Switzerland and Ubestesin, 3M HK Limited, Hong Kong) 
with a 4mm trephine bur directly through the mucosa using the waver. Postoperatively all patients 
were treated with Ponstan® (500mg, 3times a day; Pfizer, Zurich, Switzerland; Primal Chemical Co. 
Ltd., Hong Kong) for 3 days and for 5 days with topical chlorhexidine digluconate (1 spoon non 
diluted, 3times a day; Mephem, Baar; Switzerland; GlaxoSmithKline Hong Kong, Hong Kong). 
 HISTOLOGICAL PREPARATION 
The specimens were dehydrated in alcohol solutions of increasing concentrations, cleared in xylene 
and embedded in polymethylmethacrylate (PMMA). One longitudinal section per site was obtained 
by a micro cutting and grinding technique adapted from Donath (Donath and Brunner, 1982). The 
sections were stained with a modified Paragon for blind qualitative and quantitative analysis. 
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Quantitative analysis of bone regeneration three months after implantation was the first, qualitative 
analysis of the performance and safety of the implanted materials the second objective. 
 SEMI-QUANTATIVE & QUALITATIVE HISTOPATHOLOGICAL EVALUATION 
A total of thirty sections were examined in a core laboratory (Biomatech a NAMSA Company, zone 
industriale de L’Islon, 115 rue Pasteur, 38670 Chasse-sur-Rhône, France). The histological sections 
were blindly observed under light microscopy using a Nikon microscope (ECLIPSE E600) fitted 
with x4, x10, x20 and x40 objectives. A semiquantitave analysis concerning the safety of the 
implanted membranes evaluated the local tolerance according the guidelines of the international 
organization for standardization (ISO) 10993 Biological evaluation of medical devices-Part 6: Test of 
the local effects after implantation  based on the following score system: 0 = absence, 1 = slight, 2 = 
moderate, 3 = marked, 4 = severe or total of necrosis, osteolysis, inflammatory reaction, neutrophilic 
polymorphonuclear cells, eosinophilic cells, lymphocytes, marcrophages, giant cells, fibrocytes, 
fibrous encapsulation, neovascularisation, and several  bone regeneration parameters (Zubery et al., 
2007). The data were analyzed by the same company, using SAS V8.2 (SAS Institute, Cary NC, 
USA). All statistical hypothesis tests were two-sided, with probability of Type I error = 0.05, with an 
unblinded statistician. 
HISTOMORPHOMETRY 
The sections were blindly evaluated using a Zeiss Axioscope microscope fitted with x5, x10, x20 and 
x40 objectives and equipped with a colour images analyzing system SAMBA® (Samba 
Technologies, Meylan, France). The following parameters were measured: (1) old bone area (%) (2) 
newly formed bone content (%) (3) soft tissue area (%) (4) bone lacunae area (%) (5) sum of the total 
osteoid length in μm per bone area of the histological section in mm2 .  
 CT SCAN EXAMINATION 
New bone formation and membrane integration were evaluated by CT scan measurements performed 
immediately and 3 months postoperatively.  
CLINICAL EXAMINATION 
Tissue healing was evaluated clinically and by photographs between the time on teeth extraction and 
during follow ups. 
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DATA MANAGEMENT AND STATISTICAL ANALYSES 
Information collected at screening and baseline visits was summarized to characterize the patient 
population. This information includes demographics, medical history, and lifestyle characteristics.  
Categorical variables were summarized by the number and percentage of patients with each relevant 
characteristic. Continuous variables were summarized by calculating the mean and standard deviation, 
and the median, minimum and maximum values.  
The quantitative histomorphometric measurements made on the biopsy specimens obtained at the 3 
months follow-up were summarized for each membrane by calculating the mean, standard deviation, 
median, and minimum and maximum values. Differences in these measurements between membranes 
were summarised by calculating the mean, the 95% confidence interval on the mean, and the median, 
minimum and maximum values. The significance of the within-patient difference between the value 
observed with the Inion membrane and that observed with the Bio-Gide membrane was determined by 
the signed ranks test.  
Readings of the CT-scans at the procedure and at the 3 month follow-up visit provided four 
measurements: the area of the defect, and CT density in the immediate inferio-buccal adjacent bone, 
the surgical defect area, and the immediate inferio-lingual adjacent bone. These measurements were 
summarized at each time point and for each membrane by calculating the mean, standard deviation, 
median, and minimum and maximum values. Changes from the procedure to 3 months were 
summarised for each membrane by calculating the mean, the 95% confidence interval on the mean, 
and the median, minimum and maximum values. The significance of the difference from 0 of each 
change was determined by the signed ranks test. The significance of the within-patient difference 
between the change observed with the Inion membrane and that observed with the Bio-Gide 
membrane was also determined by the signed ranks test. 
Adverse events (AEs) were summarized by presenting the number and percentage of patients who 
experienced one or more AEs. The severity of the AEs and their relationship to the device or the 
procedure was summarized similarly. A narrative was provided for each AE. The analysis was 
conducted as data became available. The statistician was therefore blinded and the database was 
locked for the analysis. 
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The sample size provides 80% power to detect a difference between investigative products of 6.6% in 
the primary performance parameters (e.g. exogenic bone substitute mineral percentage and the 
mineralized tissue percentage) and 90% power to detect a difference of 7.6%, under the assumption 
that the standard deviation of these parameters is approximately 10%. 
 
Results 
The results of this study are based on the outcome of 15 patients, since one of the initially screened 16 
patients at the Department of Cranio-Maxillofacial and Oral Surgery of the University of Zurich and in 
the Clinic of Oral & Maxillofacial Surgery of the University of Hong Kong was excluded at the 
baseline visit due to his unwillingness to comply with the study procedures. The other 15 patients (10 
Caucasians and 5 Asians; 10 females and 5 males) underwent the study procedures with both devices 
and completed the study to the 6 month follow-up control after randomisation. Apart from one patient 
with allergic rhinitis, the overall medical history presented uneventful. Five patients were smokers 
(four smoked 10 and one 5 cigarettes a day), none drank alcohol. 
 SURGICAL PROCEDURE AND CLINICAL RESULTS 
Eight patients were randomised to receive the Inion GTRTM Biodegradable Membrane System on the 
left and the Bio-Gide® Membrane on the right side, while the remaining patients were randomised 
vice versa. Preoperatively no prophylactic broad spectrum antibiotics were administered. All wisdom 
teeth were fully impacted. During the removal of the wisdom teeth no complications were 
encountered, on either side. Bone augmentation was performed in all patients with Spongostan® 
dental 1x1x1 cm (Johnson&Johnson, Spreitenbach, Switzerland). Table 1 highlights some details 
during surgical tooth removal. The mean immersion time of the Inion GTRTM Biodegradable 
Membrane System in the plasticizer was 24.7 seconds (SD: 5.2) and the mean time until its intraoral 
application 16.4 minutes (SD: 8.0). Both membrane systems were successfully implanted in all 
patients without any complications. 
Complete coverage of both membranes was achieved during wound closure. After instruction of 
adequate oral hygiene, appropriate postoperative medication was administered in all patients, in terms 
of pain killers for 7 (Ponstan® tablets 500mg, 3times a day; Pfizer, Zurich, Switzerland; Primal 
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Chemical Co. Ltd., Hong Kong) and antibiotics for 5 days (Augmentin® tablets 1g, 2times a day; 
Novartis, Basel, Switzerland; Universal Pharmaceutical Lab. Ltd., Hong Kong). 
The course of wound healing at each of the five follow-up visits is highlighted in Table 2. There were 
no severe adverse events. Mild adverse events such as wound infection, haematoma or late 
swelling of the gums 10 days after surgical removal occurred in three patients. Haematoma 
and bacterial infection with pus formation were treated surgically by removal of stitches, 
intraoral drainage and antibiotic combination of Metronidazole® tablets 200mg twice (Luen 
Cheong Hong Ltd., Hong Kong) and Pencillin V® tablets 250mg three times a day (Universal 
Pharmaceutical Lab. Ltd., Hong Kong) for 5 days. Late swelling onset after 10 days subsided 
within the next 2 weeks spontaneously and therefore did not require further treatment. 
The harvest of bone biopsies using a trephine bur under local anaesthesia 3 months postoperatively did 
not cause any intra- or post-operative adverse events.  
 
PRIMARY PERFORMANCE RESULTS 
QUALITATIVE HISTOPATHOLOGICAL EVALUATION:  
 INION GTRTM BIODEGRADABLE MEMBRANE SYSTEM 
Marked bone ingrowth variability was observed among the biopsies (Fig 2). Five (33%) biopsies 
exhibited noticeable signs of bone ingrowth (Fig 2b, d). A slight or moderate grade of bone 
regeneration was observed on two (13%) biopsies (Fig 2d). The remaining eight (53%) samples were 
constituted only of soft tissue with no signs of osseous formation (Fig 2f). Residual bone substitute 
material was detected in only one specimen. Presence of membrane remnants was observed in two 
biopsies. A slight residual lymphocytic reaction seemed to be associated with the residual membrane 
material. The newly formed bone observed within five biopsies primarily showed woven bone (Fig 
2b) with none to limited signs of remodeling except for one specimen showing a high grade of bone 
remodeling and corticalization. This specimen might have been sampled in the cortical area. The bone 
marrow regeneration was not fully achieved and was mostly constituted of a well vascularized loose 
fibrous tissue with limited bone marrow cells reflecting an ongoing bone repair process. Numerous 
osteoblasts lined the trabecular bone. 
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 BIO-GIDE® MEMBRANE 
Also with this membrane marked bone ingrowth variability among the biopsies was detected. Five 
(33%) biopsies exhibited noticeable signs of bone ingrowth (Fig 2a). A moderate grade of bone 
regeneration was observed on four (27%) biopsies (Fig 2e). The remaining six (40%) samples were 
only constituted of soft tissue with no signs of osseous formation (Fig 2c). Residual bone substitute 
material was detected in only one specimen. Membrane remnants were observed in three (20%) 
biopsies with a slight associate lymphocytic reaction. A higher grade of bone repair was observed in 
the same five patients as with the Inion membrane, suggesting a patient depending effect. These five 
biopsies primarily showed woven bone with none to limited signs of remodeling except for one 
specimen which showed a high grade of bone remodeling. The bone marrow regeneration was not 
fully achieved and was mostly constituted of a well vascularized loose fibrous tissue with limited 
marrow cells reflecting an ongoing bone repair process. Numerous osteoblasts lined the trabecular 
bone.  
HISTOMORPHOMETRY: Whereas specimens from the sites treated with the Inion membrane yielded 
17.0% (S.D. 24%) of bone tissue density, the sites treated with the Bio-Gide membrane yielded 13.5% 
(S.D. 15%) of bone tissue density. In sites treated with the Inion membrane, 9.5% of old bone density 
and 7.5% of newly formed bone could be found, whereas sites treated with the Bio-Gide membrane 
showed 3.8% of old bone and 9.8% of newly formed bone. There were no statistically significant 
differences between the two groups with respect to the two variables. The sum of the osteoid rim 
length per bone area was almost identical (Bio-Gide membrane, 502 μm/mm2; Inion membrane 504 
μm/mm2). Osseous generation was active in the sites showing presence of noticeable bone tissue (5/15 
sites in each group). Sites that were fully filled with soft tissue (eight sites treated with Inion 
membrane and six sites treated with the Bio-Gide membrane) reflected signs of bone growth 
impairment with no reasons identifiable from the slides. A few membrane residues were detected with 
either treatment, suggesting a very advanced and similar rate of membrane resorption.  
No differences between the products were found in terms of membrane integration and soft tissue 
healing. Table 3 gives a survey of the histomorphometric analysis of the Inion in relation to the 
respective Biogide membrane. 
 11
When the centres were considered separately, the biopsies from Hong Kong showed better bone growth 
and healing than the biopsies from Zurich, however, there were no statistically significant differences 
between membranes in either centre. 
 SECONDARY PERFORMANCE RESULTS 
NEW BONE REGENERATION:  
Each of the CT-scans performed at the two centres were read at both centres. The averages of the two 
readings have been used in the primary analysis. Table 4 shows the findings at the procedure and at 
the 3 month follow-up for the two membranes. Highly significant reductions in the area of the defect 
with both membranes were detected with significant increases in CT density at the immediate inferio-
buccal adjacent bone and in the surgical defect area with both membranes.  
However, there was neither significant change in CT density in the immediate inferior-lingual adjacent 
bone of the two membranes, nor significant difference between the membranes on any of the four 
measurements (area of defect: p = 0.1354; CT density immediate inferio-buccal adjacent bone: p = 
0.7615; CT density surgical defect area: p = 0.1876; CT density immediate inferio-lingual adjacent 
bone: p = 0.4212). 
Related to the protocol, it was supposed to evaluate the membrane integration by CT scan at 3-month 
after the procedure, however this was not feasible due to the non-radiopaque nature of the membranes. 
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Discussion 
The study purpose was to evaluate the amount of mandibular bone regeneration after extraction of 
fully impacted wisdom teeth in healthy humans following guided bone regeneration (GBR) procedures 
with two different bio absorbable membrane systems (Pirhonen et al., 2006, Schlegel et al., 1997, 
Camelo et al., 1998). 
Inserting a dry artificial sterile sponge of porcine derived gelatine (Spongostan® dental 1x1x1 cm; 
Johnson&Johnson, Spreitenbach, Switzerland), increased the stabilisation of the physiological blood 
clot (Amler, 1969) after the extraction. Both membrane systems fulfilled the barrier function, even 
though collagen membranes as Bio-Gide® might undergo fast degradation by collagenases with loss of 
structural integrity (Kodama et al., 1989). Whereas the Geistlich resorbable Bio-Gide®-membrane is of 
porcine origin the  Inion GTR™ Biodegradable Membrane System is composed of polylactides, 
polyglycolide and trimethylene carbonate (PLA/PLG/TMC) and therefore fully synthetic. To increase 
the malleability and allow clinical application, the Inion GTR™ Biodegradable Membrane is treated 
preoperatively with the plasticiser NMP. Upon implantation NMP is released inducing stiffening and 
abrading of the membrane. The stiffness allows a tenting effect creating more space underneath the 
membrane whereas the roughness improves tissue integration (Pirhonen et al., 2006). Furthermore, it 
has been reported that NMP has an osteogenic effect (Weber et al., 2006, San Miguel et al., 2009 
[Epub ahead of print]). 
The histological findings of the biopsies at the 3 month follow-up did not show any statistically 
significant differences related to bone regeneration, bone remodelling or osteoid tissue between the 
centres and the patients respectively. No differences between products were found regarding the 
membrane integration, soft tissue healing and the osteoid length. Only few membrane residues were 
detected with either membrane, suggesting a similar rate of resorption, even though the Geistlich 
resorbable bilayer Bio-Gide®-membrane was expected to show a faster rate of resorption due to 
collagenases (Kodama et al., 1989). Overall the biopsies from Hong Kong showed better bone growth. 
The cause of such centre-related difference remains somewhat speculative, possibly being associated 
with ethnic patterns of bone metabolism, already described elsewhere (Gundberg et al., 2002).  
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It was possible to evaluate the progression of bone regeneration comparing the base-line CT-scan 
immediately after the extraction with the one 3 months later, measuring the volume of the defect area 
and its density in relation to the known density of the distally of the second molar extended occlusal 
waver, respectively. Under both membranes, a reduction of the defects occurred, however, the increase 
of the density was higher under the Inion GTR™ Biodegradable Membrane System. The increase of 
the density under the Inion GTR™ membrane supports preclinical findings indicating an osteogenic 
effect of NMP (Weber et al., 2006). But since this increase is not statistically significant its clinical 
relevance remains unclear. Possible reasons for these rather “no-difference” results might be the fact, 
that the number of patients was too low or that this model is not suited to clinically proof the 
osteogenic effect of NMP. The latter might arise by the defects shape not allowing an optimal 
infiltration of the bony defect by NMP or by the fact, that the membrane overlying the alveolar socket 
had no adequate contact to the below formed blood clot. 
The overall clinical outcome was satisfying. The majority of the patients showed an uneventful 
healing phase. Adverse events such as pain and wound discharge occurred within the first two weeks 
after wisdom tooth removal in five patients. However, after additional antibiotic treatment these 
adverse events subsided totally. All of these five patients showed suture dehiscence over the operation 
site. This most likely indicates wound contamination with oral commensal and/or nutrition during the 
early wound healing and therefore rather procedure-related than product-related factors. 
The small number of patients is a shortcoming of this randomised multi-centre pilot study. A study 
with more patients would allow clearer statistical statements regarding the bone regeneration capacity 
of the two compared membranes as well as regarding the causes of the adverse events. Since apparent 
bone regeneration velocity is faster in Asians than in Caucasians the minimum number of patients for 
multicenter studies performed in Europe and Asia has to be adjusted accordingly. 
Under the prevailing circumstances of this pilot study both membranes presented similar capacities 
regarding their barrier function. Both were associated with analogous bone regeneration and no 
statistically valid evidence about the superiority of one particular membrane was obtained. For the 
patient the only difference is that one product is animal derived and the other synthetic.  The difference 
in bone regeneration when compared between Asians and Caucasians could be an interesting topic of a 
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prospective study of bone regeneration in different races and has to be considered in the study design 
involving centres from Asia and Europe.   
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Figure legends 
 
Fig 1: Occlusal waver to facilitate reproducibility of biopsy 
 
Fig 2: Bone specimen. The biopsies processed without decalcification. Staining was 
performed with Paragon. Bone is seen in red. The panel is arranged in pairs (a,b; c,d; e,f) from 
the same patient. The treatment is indicated by B for Biogide and I for Inion membrane 
system. Buccal orientation is to the right. Variability between the samples is huge. The pair 
a,b is from an Asian and the others from Caucasians, illustrating that bone formation was 
enhanced in Asian patients. 
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TABLES 
Tab 1: Technical details during surgical wisdom tooth removal 
 Inion membrane 
(N = 15) 
Bio-Gide membrane 
(N = 15) 
 n (%) n (%) 
Tooth sectioning 11 (73.3) 11 (73.3) 
Root fragment requiring elevation   5 (33.3)   5 (33.3) 
Difficulty with tooth elevation   1   (6.7)   2 (13.3)   
Difficulties to remove wisdom teeth     
- None    6 (40.0)   7 (46.7) 
- Acceptable   9 (60.0)   7 (46.7) 
- Very difficult   0   (0.0)   1   (6.7) 
Time to remove wisdom teeth (minutes)     
- Mean (95% C.I.) 19.1 (13.3; 24.8) 19.9 (13.5; 26.3) 
- Median (Min – Max) 15 (5 – 40)  15 (5 – 45) 
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Tab 2: Soft tissue conditions at follow-up visits 
 1 Week 2 Weeks 6 Weeks 3 Months 6 Months 
 n (%) n (%) n (%) n (%) n (%) 
Colour           
- Pink 14 (93.3) 12 (80.0) 14 (93.3) 14 (93.3) 15 (100.0) 
- Red   1   (6.7)   3 (20.0)   0   (0.0)   0   (0.0)   0     (0.0) 
- Pink/Red   0   (0.0)   0   (0.0)   1   (6.7)   1   (6.7)   0     (0.0) 
Physical appearance         
- Normal 12 (80.0) 13 (86.7) 15 (100.0) 15 (100.0) 15 (100.0) 
- Swollen    3 (20.0)   2 (13.3)   0   (0.0)   0   (0.0)   0     (0.0) 
Wound aspect          
- Normal 14 (93.3) 12 (80.0) 12 (80.0) 14 (93.3) 15 (100.0) 
- Dehiscence   0   (0.0)   2 (13.3)   2 (13.3)   0   (0.0)   0     (0.0) 
- Fenestration   0   (0.0)   0   (0.0)   0   (0.0)   1   (6.7)   0     (0.0) 
- Normal/Dehiscence   1   (6.7)   1   (6.7)   1   (6.7)   0   (0.0)   0     (0.0) 
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Tab 3: Histomorphometric results at 3 month follow-up visit 
 Mean ± S.D. Median Minimum -  Maximum N 
Newly formed bone density (%) 
- Inion membrane   7.5 ± 11.5  0.0 0.0 – 31.4 15 
- Bio-Gide membrane   9.8 ± 10.4 8.7 0.0 – 27.4 15 
Old bone density (%) 
- Inion membrane   9.5 ± 18.6  0.0 0.0 – 67.6 15 
- Bio-Gide membrane 3.8 ± 9.9 0.0 0.0 – 38.1 15 
Loose fibrous marrow tissue density (%) 
- Inion membrane 83.0 ± 23.6  100.0 27.6 – 100.0 15 
- Bio-Gide membrane 86.5 ± 14.7   88.4 56.1 – 100.0 15 
Osteoid length (μm)/bone (mm2) 
- Inion membrane 504 ± 308  446   202 – 1094    15 
- Bio-Gide membrane 502 ± 384           482   113 – 1318 15 
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Tab 4: Findings on CT-scans at procedure and 3 month follow-up visit (average of reading 
performed in Zurich and Hong Kong) 
  Mean ± S.D. Median Minimum -  Maximum 
Area of defect (mm2) 
- Inion membrane Procedure   95.4 ± 21.5 97.1   64.4 - 131.2 
 3 months   55.3 ± 24.1 48.5   22.5 - 108.5 
- Bio-Gide membrane Procedure 100.2 ± 23.7 98.0   53.3 - 154.0 
 3 months   52.6 ± 24.0 57.2 15.9 - 92.1 
CT density immediate inferio-buccal adjacent bone 
- Inion membrane Procedure 360.7 ± 170.8 355.6   30.5 - 608.2 
 3 months 489.9 ± 171.1 486.1 197.2 - 720.0 
- Bio-Gide membrane Procedure 310.8 ± 167.1 332.2   74.7 - 541.3 
 3 months 450.6 ± 159.2 467.1 244.7 - 769.5 
CT density surgical defect area 
- Inion membrane Procedure 179.0 ± 209.0 297.4 -261.0 - 424.1 
 3 months 411.5 ± 176.5 386.4  168.6 - 727.9 
- Bio-Gide membrane Procedure 222.8 ± 228.6 331.8 -282.5 - 457.5 
 3 months 386.8 ± 157.1 371.1    56.4 - 650.6 
CT density immediate inferio-lingual adjacent bone 
- Inion membrane Procedure 533.5 ± 166.2 498.3 312.4 - 890.6 
 3 months 602.8 ± 206.7 561.8   335.7 - 1172.4 
- Bio-Gide membrane Procedure 555.5 ± 224.5 565.9   160.8 - 1047.7 
 3 months 573.6 ± 177.4 511.3   364.3 - 1004.1 
 


